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Background: There are limited antiviral options for the treatment of patients with COVID-19. Ivermectin
(IVM), a macrocyclic lactone with a wide anti-parasitary spectrum, has shown potent activity against SARS-
CoV-2 in vitro. This study aimed at assessing the antiviral effect of IVM on viral load of respiratory secretions
and its relationship with drug concentrations in plasma.
Methods: Proof-of-concept, pilot, randomized, controlled, outcome-assessor blinded trial to evaluate antiviral
activity of high-dose IVM in 45 COVID-19 hospitalized patients randomized in a 2:1 ratio to standard of care
plus oral IVM at 0¢6 mg/kg/day for 5 days versus standard of care in 4 hospitals in Argentina. Eligible patients
were adults with RT-PCR confirmed SARS-CoV-2 infection within 5 days of symptoms onset. The primary
endpoint was the difference in viral load in respiratory secretions between baseline and day-5, by quantita-
tive RT-PCR. Concentrations of IVM in plasma were measured. Study registered at ClinicalTrials.gov:
NCT04381884.
Findings: 45 participants were recruited (30 to IVM and 15 controls) between May 18 and September 9, 2020.
There was no difference in viral load reduction between groups but a significant difference was found in
patients with higher median plasma IVM levels (72% IQR 5977) versus untreated controls (42% IQR 3173)
(p = 0¢004). Mean ivermectin plasma concentration levels correlated with viral decay rate (r: 0¢47, p = 0¢02).
Adverse events were similar between groups. No differences in clinical evolution at day-7 and day-30
between groups were observed.
Interpretation: A concentration dependent antiviral activity of oral high-dose IVM was identified at a dosing
regimen that was well tolerated. Large trials with clinical endpoints are necessary to determine the clinical
utility of IVM in COVID-19.).
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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The emergence of a novel coronavirus, Severe Acute Respiratory
Syndrome coronavirus 2 (SARS-CoV-2) in Wuhan in December 2019
and its pandemic spread causing COVID-19 at a global scale, with
over 85 million reported cases and 1.7 million deaths by the end of
2020 has prompted the search for pharmacologic interventions to
treat, prevent and mitigate the consequences of this potentially dev-
astating acute respiratory infection. Several therapeutic agents have
been evaluated at different disease stages as potential antiviral thera-
pies; most of them as part of a drug repurposing strategy for active
principles already used in other therapeutic indications. Although dif-
ferent molecules such as hydroxychloroquine, lopinavir and remdesi-
vir have demonstrated antiviral activity against SARS-CoV-2 in vitro,
evidence from randomized controlled clinical trials has only demon-
strated clinical benefits for intravenous remdesivir in some groups of
hospitalized patients [1].Ivermectin (IVM) is a widely used antiparasitic drug with over
900 million tablets distributed in 2019 through the Mectizan Dona-
tion Program for the treatment of onchocerciasis and lymphatic filari-
asis [2]. More recently, several viral infections like Dengue, Zika, and
Influenza were shown to be susceptible in vitro most likely through
host-based mechanisms [3]. A potent activity against SARS-CoV-2
was reported in Vero-hSLAM cell cultures using high concentrations
of IVM [4]. In a model of SARS-CoV-2 viral kinetics with acquired
immune response to investigate the dynamic impact of timing and
dosing regimens, the most significant effects for ivermectin were
identified with earlier and longer exposure at high doses; in this
regard, repeated daily doses of ivermectin at 600 mg/kg had mean-
ingful impact whereas doses of 300 mg/kg had significantly lower
effects [5]. Doses of 300mg/kg were recently found not to be superior
to placebo in a randomized clinical trial in Colombia [6]. IVM is pre-
scribed in weight-based regimens, most frequently at 200 mg/kg,
with a proposed link between Cmax and toxicity [7]. Higher dose reg-
imens are under evaluation due to their potential utility for new indi-
cations and dosing strategies [8,9]. Single dose regimens of up to
2000 mg/kg have been used in a trial in healthy volunteers without
clinically significant safety issues [10].
To evaluate the antiviral activity and safety profile of high dose
IVM in COVID-19 patients we completed a proof-of-concept random-
ized controlled clinical trial in hospitalized patients. To achieve fur-
ther insights into the potential clinical utility of IVM in COVID-19, the
relationship between pharmacokinetic (PK) (IVM plasma concentra-
tions) and pharmacodynamic (PD) (dynamic of the viral load) aspects
was investigated. Here we present the results of the trial with
descriptions on the impact of IVM on SARS-CoV-2 viral load in respi-
ratory secretions.2. Methods
2.1. Study design
Pilot, multicenter, randomized, open label, outcome assessor
blinded, controlled study to assess the antiviral activity and safety of
a 5-day regimen of high dose IVM versus no treatment in a 2:1 alloca-
tion ratio, in patients with COVID-19. All patients in both groups
received standard of care which at that moment in the study area
included hospitalization of all symptomatic cases. The trial was done
at 4 hospitals in the metropolitan area of Buenos Aires, Argentina.
Ethical approval was obtained from the Institutional Independent
Ethics Committees and national regulatory agencies. All participating
individuals provided written informed consent. The trial was done in
accordance with the principles of the Declaration of Helsinki and is
registered with ClinicalTrials.gov, NCT04381884. This study con-
formed to the CONSORT 2010 guidelines. The funding sources had no
role on the design, analysis or decision to publish the results of this
study.2.2. Participants
Participants were COVID-19 patients aged 18 to 69 years-old with
RT-PCR confirmed infection, hospitalized and not requiring intensive
care. Eligibility criteria included COVID-19 symptoms onset  5 days
at recruitment, absence of use of drugs with potential activity against
SARS-CoV-2 (hydroxychloroquine, lopinavir, remdesivir and azithro-
mycin); and those drugs were not permitted during the first week of
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within 30 days of recruitment, pregnancy, breast feeding and poorly
controlled comorbidities. Patients of child-bearing age (men and
women) were eligible if agreed to take effective contraceptive meas-
ures during the study period and for at least 30 days after the last
study drug administration.
2.3. Randomization and masking
A blocked randomization with random block sizes (of 3 or 6 allo-
cations) and stratified by center was used. The randomization list
was developed prior to study initiation and by means of a centralized
eCRF/IWRS web system (Jazz Clinical, Buenos Aires, Argentina). For
reproducibility, a random seed of 1701214029 was used. Once the
availability of the informed consent and the verification of all eligibil-
ity criteria had been confirmed, the assignment was communicated
to the investigators on the computer screen and by email. The
patients and center personnel were not blinded to the allocated
group. The outcome assessors (personnel in charge of viral load
determinations) were blinded to the allocated group upon receiving
the samples labeled with the randomization number and the visit
number.
2.4. Procedures
All patients were evaluated at study entry with full history and
physical exam. Patients in the IVM group received oral treatment for
5 consecutive days with either breakfast or lunch at approximately
24 h intervals. IVM 6 mg ranurated tablets (IVER P, Laboratorios Elea/
Phoenix, Argentina) were used in all cases at a dose of 600 mg/kg/day
based on baseline weight rounding to the lower full (6 mg) and half
(3 mg) dose. The regimen of 600 mg/kg for 5 days was selected based
on the in-vitro data suggesting the need for higher doses than for cur-
rent indications of IVM, the available data on the safety of this dose in
regimens of up to 3 days (either in fast or fed state) and the available
information on the PK of IVM, predicting the lack of significant accu-
mulation of IVM after 5 daily doses [8,9,11,12]. Nasopharyngeal
swabs were collected at baseline and 24, 48 and 72 h and on day 5 for
SARS-CoV-2 viral load quantification. Blood samples were obtained
by venipuncture for plasma IVM concentrations 4 h after drug intake
on treatment days 1, 2, 3, and 5 (aiming at measuring peak plasma
levels) and on day 7 (aiming to evaluate potential drug accumulation)
in the IVM group. Blood samples were obtained from participants in
both groups for hematologic and chemical parameters.
2.5. Outcomes
The primary outcome measure was the difference in SARS-CoV-2
viral load between baseline and day-5 in both groups. Secondary out-
comes included clinical evolution at days 7 and 30, relationship
between IVM plasma concentrations and the primary outcome, and
frequency and severity of adverse events.
2.6. SARS-CoV-2 viral load measurements
Viral load of SARS-CoV-2 from nasopharyngeal swabs was quanti-
fied from samples stored at 80 °C until use. Viral RNA was extracted
using QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany) from
140 mL of stored samples. Then, an in-house reverse transcriptase
quantitative PCR (RT-qPCR) targeting N gene of SARS-CoV-2 was per-
formed. The standard curve consisted of an in vitro transcribed viral
RNA serially diluted in a cellular RNA matrix from negative nasopha-
ryngeal samples. This assay included the measure of a housekeeping
gene as an internal control and normalizer. The housekeeping gene
cycle threshold (Ct) was used to correct the specific-SARS-CoV-2 Ct
according to the number of cells in the sample. Therefore, viral loadmeasurements were expressed as log10 copies per reaction instead of
log10 copies per mL as discussed by Han and colleagues [13]. The per-
formance of the assay includes: (i) efficiency = 99%, (ii) reproducibil-
ity with a coefficient of variation (CV) between 1¢01 and 2¢31, (iii)
repeatability with a CV between 0¢27 and 1¢89%, (iv) dynamic range
from 10 to 1 £ 108 copy per reaction, (v) specificity = 100% tested
against SARS-CoV-2 negative samples and a panel of respiratory
viruses. All these parameters were determined according to the
guidelines for in vitro quantitative diagnostic assays as were reported
previously [14,15].
2.7. Measurement of IVM plasma concentration profiles
IVM concentrations in plasma samples were determined by High-
Performance Liquid Chromatography (HPLC) with fluorescence
detection. The chromatography technique was adapted as previously
described [16]. An aliquot of plasma was combined with moxidectin
(used as internal standard). After an acetonitrile-mediated chemical
extraction, IVM was converted into a fluorescent molecule using N-
methylimidazole and trifluoroacetic anhydride (Sigma Chemical, St
Louis, MO, USA). An aliquot (100 mL) of this solution was injected
directly into the HPLC system (Shimadzu Corporation, Kyoto, Japan)
and analyzed using a reverse phase C18 column (Kromasil, Eka
Chemicals, Bohus, Sweden, 5 mm, 4¢6 mm £ 250 mm) and an acetic
acid 0¢2% in water/methanol/acetonitrile (1¢6/60/38¢4) mobile phase
at a flow rate of 1¢5 mL/min at 30 °C. Fluorescent detector was set at
365 nm (excitation) and 475 nm (emission wavelength). The coeffi-
cient of determination (r2) of the calibration curve was 0¢995. The
mean absolute drug recovery percentage was 94%. The precision of
the method showed a coefficient of variation below 8¢1%. The limit of
drug quantitation was 0¢3 ng/mL. Drug concentrations in experimen-
tal plasma samples were obtained by peak area integration using the
Solution Software (Shimadzu Corporation, Kyoto, Japan).
2.8. Pharmacokinetic and pharmacodynamic analysis of the data
IVM plasma concentrations were measured in each patient 4 h
post-dosing on the established treatment days. Individual plasma vs
time curves were plotted. The pharmacokinetic parameters were
determined using PK Solutions 2.0 (Ashland, Ohio, US) computer soft-
ware. The viral decay rate was calculated from the viral load vs time
curve. Following an exponential model, the decay rate constant was
calculated from the following equation:
λ ¼ S 2 ¢303
where λ is the decay rate constant and S is the slope [17].
2.9. Statistical analysis
Sample size calculation was determined on current recommenda-
tions for pilot trials, indicating that either at least 10 cases per group
should be included or based on the sample size calculation for the
full-scale clinical trial and include at least 9% of that size for a confi-
dence interval of 80% [18,19]. Based on these grounds and aiming for
a sample size with the ability to detect a low effect size (0¢3) of the
intervention (IVM) in the difference between baseline and day-5 viral
load values compared to untreated controls given the absence of pre-
liminary or historical data; sample size for a full-scale trial for two
study groups with a significance level of 5% and 80% power, a 2:1 ran-
domization and inflated for 10% lost-to-follow-up was calculated in
342 participants and a pilot trial would be at least 31 [19]. In view of
the presumed effect of IVM on the replication of SARS-CoV-2 and the
limited available information of viral dynamics at the time of study
design (April 2020), the sample size of the pilot trial according to
standardized size effects [20], was calculated for a 2:1 randomization
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controls without consideration to the center-based stratification.
Baseline characteristics of the two groups (control and ivermec-
tin) were compared with Student`s T- test and Chi square. Difference
in viral load between baseline and day-5 in the two groups as well as
the comparison between the viral decay rate of both groups was
compared by the non-parametric MannWhitney test. The clinical
evolution at day-7 was evaluated by Fisher's Exact Test. Finally, the
relationship between IVM plasma concentrations with viral load
reduction and viral decay rate were measured by Spearman rank test.
When difference across three groups by Kruskal-Wallis was signifi-
cant, pairwise comparisons with Dunn`s multiple comparisons test
were used. Two randomly occurring single missed values of viral load
in two different participants were assumed as “missing completely at
random” type of values and estimated by regression analysis using
the interpolation of all the existing data from that particular curve. In
all cases, p-values <0¢05 were considered statistically significant. All
analysis were performed with GraphPad Prism version 5¢00 for Win-
dows (La Jolla California USA).
2.10. Role of the funding source
The sponsors of the study participated in study design, but had no
role in primary data collection, data analysis, data interpretation,
writing of the report, or the decision to submit for publication. All
authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.
3. Results
Enrolment started on May 18 and finished on September 9 2020,
with 45 participants recruited among 4 participating hospitals. As
planned, 30 were randomized to the IVM group and 15 to the
untreated control group. Two subjects withdrew consent in the IVM
group; in 1 case due to a mild rash and nausea after 1 dose of IVM
and the other due anxiety after 2 doses; in both cases, adverse events
resolved spontaneously; the remaining 28 subjects in the IVM group
completed treatment. One case in the control group was withdrawn
from the study due to the initiation of lopinavir on day-5 due to dis-
ease progression and another was lost to follow-up after the visit on
day-7. In addition, ten cases, seven in the IVM group and three con-
trols, presented viral load below the limit of quantification (<10 cop-
ies/reaction) at baseline. All these cases remaining undetectable in
most samples through the follow-up and excluded from the efficacy
analysis. The remaining 32 cases (20 treated and 12 control) consti-
tute the efficacy analysis population (Fig. 1).
Baseline characteristics are summarized in Table 1. Comorbidities
and disease stages were similar between groups with the most fre-
quent comorbidity being a higher-than-normal body mass index
(spanning from overweight to obesity grade III) in both groups, which
was present in 19 (63%) in the IVM group and 12 (80%) controls
(p = 0¢43) (Table 1). No differences in clinical symptoms, signs, or lab-
oratory parameters were observed between groups at baseline and
the two groups did not show differences in the number of individuals
on the WHO-ordinal scale categories. Disease progression was regis-
tered in 3 (7%) of the study population; 2 in the treated group and 1
in among the controls, with 1 case in the IVM group requiring inva-
sive mechanical ventilation and no significant differences in clinical
evolution at day-7 and day-30 between groups. No deaths occurred
through the study period.
The difference in viral load between baseline and day-5 was
similar between groups and decreasing over time, without signifi-
cant differences (Fig. 2). No differences in baseline viral load were
detected between males and females. Viral load values under the
limit of quantification of 10 copies/reaction at day-5 were
achieved by 6 of 20 (30%) subjects in the IVM group and in 1 of12 (8¢3%) in the control group without statistical significance
between groups. When mean plasma IVM concentration levels
were analyzed in relation to reduction in viral load, a significant
positive correlation was identified, with those patients achieving
higher mean plasma concentrations of IVM reaching higher
reductions in viral load in nasopharyngeal secretions (r: 0¢44;
p < 0¢04). Mean IVM plasma concentration levels also showed a
positive correlation with viral decay rate (r:0¢47, p = 0¢02).
3.1. Data are mean (SD). Day-1 indicates baseline measurements
Based on the observed antiviral response and the observed IVM
concentration levels in this study, treated patients were divided in
two subgroups with 160 ng/ml as the cutoff plasma concentration for
a post-hoc analysis, since it was identified as the potential threshold
above which a significant viral load reduction could be established
compared to untreated controls as an indicator of the relationship
between ivermectin concentrations in plasma and antiviral activity.
Median Cmax was 202 ng/ml (IQR: 167268 ng/ml) in the >160 ng/
ml subgroup and 109 ng/ml (IQR: 91141 ng/ml) in the <160 ng/ml
subgroup (p < 0¢0001). To further explore this PK/PD relationship,
viral load dynamics and difference between baseline and day-5 were
analyzed in the 2 subgroups of IVM treated patients, with median
(IQR) reductions in viral load of 42% (3173) in the control group,
40% (2146) in treated patients with <160 ng/mL median plasma
concentrations, and 72% (5977) in the higher concentration group,
with a statistically significant difference between the latter and the
other groups (KruskalWallis p = 0¢0096) (Fig 3). The proportion of
subjects achieving viral load values under the limit of quantification
at day-5 was 8¢3% (1 of 12) in the control group, 9¢1% (1 of 11) in the
<160 ng/ml subgroup and 55¢6% (5 of 9) in the >160 ng/ml subgroup
(p < 0¢0001).
All treated patients receiving IVM 0¢6 mg/kg/day for 5 days.
Drug-induced effects on viral clearance were also assessed
using viral decay rates as an endpoint parameter and its relation-
ship with IVM plasma concentrations. The viral decay rate in
treated patients with IVM plasma levels >160 ng/mL was signifi-
cantly greater (median 0¢64 d1) compared to untreated controls
(median 0¢13 d1) and to the subgroup with <160 ng/mL median
plasma concentrations (median 0¢14 d1) (p = 0¢04) (Fig. 4a). No
statistically significant differences in baseline viral load were
observed between IVM concentration subgroups. The IVM con-
centration profiles did not correlate with body weight (r:0¢1;
p > 0¢05) or body mass index (r:0¢07; p > 0¢05) among the 28
patients that completed treatment with IVM.
Adverse events were reported in 18 (40%) of the 45 patients, 13
(43%) in the IVM group and 5 (33%) in the control group (Table 2).
The most frequent adverse event and the only experienced by more
than 1 case in the IVM group was rash in 3 (10%) cases (all mild, self-
limited and lasting approximately 24 h); in the control group, single
events of abdominal pain, dizziness, anxiety, anguish, and hypergly-
cemia (all mild) were reported. A single serious adverse event (SAE)
occurred in a patient in the IVM group with hyponatremia, which has
been recently recognized in case series of COVID-19 cases and has
not been reported in association to IVM use [21].
4. Discussion
This proof-of-concept trial designed to evaluate the antiviral
activity of IVM against SARS-CoV-2 in adult patients with COVID-19
showed no differences between treatment and control groups in its
primary endpoint which was the difference in SARS-CoV-2 viral load
between baseline and day-5 (Fig. 1). However, our results indicate a
concentration-dependent antiviral activity of IVM in SARS-CoV-2
infected patients treated within 5 days of symptoms onset. This sta-
tistically significant difference was identified for the relationship
Fig. 1. Trial profile.
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(Figs. 3 & 4); which confirms previous in vitro activity shown in cell
cultures [4]. Findings on IVM plasma concentrations are in agreement
with human SARS-CoV-2 viral kinetic models identifying the need for
high doses, but contradict those concerns stating that those drug con-
centrations would not be achievable at safe doses [5,22]. The exten-
sive pattern of IVM distribution to lung tissue has been well
characterized in cattle and pigs, with the later also achieving in naso-
pharyngeal tissue higher levels than plasma [16,23]. Considering that
similar volumes of distribution have been reported for IVM in both
cattle and humans and the systemic availability observed in thisclinical trial, it is reasonable to estimate median IVM levels >395 ng/
g in lung tissue. A similar pattern of IVM distribution to lung tissue
has been recently simulated using a minimal physiologically based
PK model [24].
The antiviral effect was seen after IVM plasma concentration
measurements allowed discrimination between patients achieving
higher levels and identifying a direct relationship between drug con-
centration and viral elimination. Additionally, relevant conclusions
on the natural history of the illness can be derived from the behavior
of the control group in this trial, which demonstrates the self-limited
nature of viral load in SARS-CoV-2 infections, that in 22% of the cases
Table 1
Baseline characteristic of the study population.
Control (n = 15) Ivermectin (n = 30) P value
Age (year) 381 § 117 423 § 128 029
Gender
Female 5 (33%) 15 (50%) 029
Male 10 (67%) 15 (50%)
Weight (kg) 797 § 144 753 § 150 035
Overweight 8 (53%) 6 (20%) 005
Obesity I 2 (13%) 11 (37%) 020
Obesity II 1 (7%) 1 (3%) 079
Obesity III 1 (7%) 1 (3%) 079
Oxygen saturation <94% 0 1 (3%) 063
Log viral load (log10
copies/reaction)
539 § 156 (n = 12) 418 § 160 (n = 20) 005
Hematology
White blood cell count
(cell/mL)
4857 § 1874 6014 § 2402 009
Lymphocyte count
(cell/mL)




460 § 117 468 § 140 085
Ferritin (mg/dL) 1318 § 1969 1071 § 1304 066
D-dimer (mg/mL) 15 (0128) 15 (0518) 082
Time from symptoms
onset (day)
36 § 14 35 § 10 078
Body temperature
375 °C
1 (7%) 4 (13%) 070
WHO-ordinal scale
3 13 (87%) 29 (97%) 020
4 2 (13%) 1 (3%)
Ground glass opacities
in thoracic imaging
6 (40%) 14 (47%) 067
Comorbidities
Hypertension 3 (20%) 3 (10%) 035
Diabetes 1 (7%) 6 (20%) 024
Chronic lung disease/
Asthma
1 (7%) 4 (13%) 050
Numeric variables are reported as median (IQR) or mean § standard deviation Cate-
goric variables are reported as counts (%). Overweight: Body mass index (BMI)
25299 kg/m2; Obesity I: BMI 30349 kg/m2; Obesity II: BMI 35399 kg/m2;
Obesity III: BMI >40 kg/m2.
Fig. 3. Viral load reduction between baseline and day-5 (median and IQR) in untreated
controls and IVM treated patients discriminated by their median IVM plasma concen-
trations.
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similar to what has been observed in a trial evaluating remdesivir for
the treatment of COVID-19 [25], highlighting the relevance of ade-
quate timing of implementation of antiviral treatment as has been
shown in a recently published pilot double-blind trial randomized
trial of IVM for non-severe COVID-19 that identified statisticallyFig. 2. Viral load by quantitative RT-PCR on upper respiratory tract secretions since
baseline in patients receiving IVM 06 mg/kg/day for 5 days versus untreated controls.
Fig. 4. Viral load decay rates by quantitative RT-PCR on upper respiratory tract secre-
tions in untreated controls and IVM treated patients according to median plasma con-
centrations of IVM. Data are expressed as median (IQR).
Table 2
Summary of events in safety population.
Control (n = 15) Ivermectin (n = 30)








Number of AEs 5 17
Number of possible/probable related
AEs
NA 11
Number of AEs Grade 3/4 0 3**
AE: adverse event. SAE: serious adverse event. *: hyponatremia; **: includes the
SAE (hyponatremia) and ALT and AST elevation, both in the same patient.
A. Krolewiecki et al. / EClinicalMedicine 37 (2021) 100959 7significant differences in the duration of anosmia and trends towards
lower viral load with treatments started within 72 h of symptoms
onset [26].
IVM plasma concentrations >160 ng/mL were measured in 9
(45%) patients included in the efficacy analysis population. In a trial
using a 3-day regimen of 600mg/kg for malaria control among adults,
median Cmax (CI95%) was 119 ng/mL (45455) [8]. Diet is a key vari-
able affecting oral bioavailability of IVM, with increased plasma con-
centrations achieved with fed state [27,10]. The interaction of IVM
with ABC transporters as P-glycoprotein and the modulation of P-gly-
coprotein activity after oral administration is well known [28,29].
Thus, variable constitutive and/or induced level of expression and
activity of intestinal P-glycoprotein in treated patients, may have
contributed to the observed large variability in the pattern of IVM
absorption and systemic exposure.
Although further information is needed, this pilot trial adds evi-
dence on the safety of multiple-day high-dose regimens of IVM, with-
out unexpected findings; in agreement with a trial in Kenya
evaluating the mosquitocidal effect of IVM at 300 and 600 mg/kg in
adults with malaria [9]. In that trial, IVM was associated with dose-
dependent mild transient visual disturbances in <10% of the partici-
pants which were not reported in the current study [9]. The fre-
quency of adverse events reported by study participants (43% of
those in the IVM group and 33% of the untreated controls) (Table 2),
likely reflects events related and unrelated to the study drug which
as expected were more frequent in the treated groups, although most
of them of severity grades 1 and 2.
Limitations of this study include its sample size, which is based on
demonstrating the antiviral activity of IVM against SARS-CoV-2 but
lacks power to detect differences in clinical outcomes. The analysis of
the primary outcome based on days since study entry rather than
since symptom onset might have added a source of variability in viral
load values and curves, which was partially controlled by using the
difference between baseline and day-5 rather than the longitudinal
trajectory of the curves; and although both treatment arms were bal-
anced in terms of comorbidities and disease severity (Table 1), no
adjustments regarding infection stage or comorbidities were made in
the analysis, which might constitute a minor limitation of this study.
The lack of a registry of the meals ingested around the intake of each
treatment may add a source of variation to the observed IVM plasma
profiles. The utilization of a highly sensitive viral load measurement
method with the ability to reliably quantify as low as 10 copies/reac-
tion might have caused an underestimation of the antiviral activity of
IVM in its capacity to lower viral load values below the lowest level
of quantification. Although not achieving statistically significant dif-
ferences between groups, the wide dispersion of baseline viral load
and the baseline difference in viral loads between groups are limita-
tion of this study. Two viral load values among the 128 individual
viral load measurements used for the primary outcome, were
“missed completely at random” type of values due to technicalreasons and estimated using regression analysis; those two values
constitute a minor limitation of this study.
The assessment of the effect of drug candidates against viruses
causing acute respiratory infections is hampered by several aspects
of these host-pathogen relationships including rapid immune control
of viral replication and high variability in symptom scores among
patients [30]. For that reason, key components for adequate end-
points are sensitive quantifiable measurements of the underlying
cause as the quantitative RT-PCR [31]. As it has been proposed in an
influenza model of antiviral candidate drugs evaluation 25, viral decay
rates proved to be a critical parameter of antiviral activity. Addition-
ally, as it has been clearly demonstrated for acute viral infections,
early treatment initiation plays a critical role [31,32]. The clinical rel-
evance of these findings remains to be confirmed in trials with clini-
cal endpoints. Beyond clinical aspects, lowering viral burden might
influence infectivity, although there is conflicting data regarding the
relationship between burden of viral shedding and infectivity [33].
The proposed antiviral mechanism of IVM is through its ability to
inhibit the nuclear import of viral proteins mediated by IMPa/b1 het-
erodimer [4], and it has also been suggested that IVM could promote
defense mechanisms such as pyroptosis in infected epithelial cells
[34]. Drugs such as ivermectin can be used to target viral entry or
viral replication mechanisms in host cells, as well as to modulate the
innate immune responses, to achieve indirect antiviral activity in
vivo. Mechanisms essential for viral infection, such as nuclear trans-
port or intracellular signal transduction, among others, have been
indicated as better targets to identify broad-spectrum antiviral
agents, with some advantages over direct-acting antivirals targeting
viral components [35].
In summary, our findings support the hypothesis that IVM has a
concentration dependent antiviral activity against SARS-CoV-2 and
provides insights into the type of evaluations to be considered in the
assessment of antiviral drugs for the control of COVID-19. Follow-up
trials to confirm our findings and to identify the clinical utility of IVM
in COVID-19 are warranted.
Funding
This work was supported by grant IP-COVID-19-625 from Agencia
Nacional de Promocion de la Investigacion, el Desarrollo Tecnologico
y la Innovacion, Argentina and Laboratorio ELEA/Phoenix, Argentina.
Declaration of Competing Interest
AK reports grants and lecture fees from Laboratorio Elea/Phoenix
and a grant from Agencia Nacional de Promocion de la Investigacion,
el Desarrollo Tecnologico y la Innovacion, Argentina. DFA reports per-
sonal fees from Laboratorio ELEA-Phoenix outside the submitted
work; RV, RS and JF report personal fees from Elea Phoenix Labora-
tory during the conduct of the study. MT report personal fees from
Elea/Phoenix. MAT and ES are employees of Laboratorios Elea/Phoe-
nix. SG is a member of the Board of Directors of Laboratorio Elea/
Phoenix. All other authors declare no competing interests.
Acknowledgments
We thank Romina Guelho for technical assistance. Natalia Pacífico,
Belen Bargallo, Julian García, Andres Benchetrit, Guillermo Onis, Luis
Vanzetti, Liuco Zubeldía Brenner, Natalia Díaz and Francisco Moioni
for patient care. Javier Toibaro for assistance in statistical analysis.
Graciela Ciccia, Ignacio Demarco and Alicia Bagnoli for assistance in
administrative project management.
Contributors
Study design: AK, AL, ROC, CL, SG, ES
8 A. Krolewiecki et al. / EClinicalMedicine 37 (2021) 100959Writing protocol: AK, MT, ES, MAT
Literature search: AK, MT, MM, AL, PF
Data collection: RV, RS, JF, IB, DFO, LA, LC, MG
Database maintenance and supervision: MAT, MT
Laboratory analyses: DFA, GAC, FF, MM, LC, LA, GA
Data analysis: AL, MT, PF, AK
Data interpretation: CL, AM, AK
Writing: AK, AL, ROC, MM, CL
Coordination: ROC, ES, AM, CL, DFA, AK
Supervision of the project: AK, CL, SG
Data sharing
De-identified individual clinical and laboratory data and a data
dictionary will be made available to others after 3 months of trial
publication upon request to the corresponding authors, only for
research, non-commercial purposes to individuals affiliated with aca-
demic or public health institutions.
Supplementary materials
Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.eclinm.2021.100959.
References
[1] National Institutes of Health. COVID-19 treatment guidelines panel. Coronavirus
disease 2019 (COVID-19) treatment guidelines. National Institutes of Health;
2020. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed
06 Oct 2020.
[2] World Health Organization. Summary of global update on implementation of pre-
ventive chemotherapy against neglected tropical diseases in 2019. Wkly Epiemiol
Rec 2020;39(95):469–75.
[3] Jans DA, Wagstaff KM. Ivermectin as a broad-spectrum host-directed antiviral:
the real deal? Cells 2020;9(9):2100. doi: 10.3390/cells9092100.
[4] Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved drug iver-
mectin inhibits the replication of SARS-CoV-2 in vitro. Antivir Res
2020;178:104787. doi: 10.1016/j.antiviral.2020.104787.
[5] Kern C, Sch€oning V, Chaccour C, Hammann F. Modeling of SARS-CoV-2 treatment
effects for informed drug repurposing. Front Pharmacol 2021;12:625678. doi:
10.48350/151549.
[6] Lopez-Medina E, Lopez P, Hurtado IC, Davalos D, Ramirez O, Martinez E, et al. Effect of
Ivermectin on time to resolution of symptoms among adults with mild COVID-19: a
randomized clinical trial. JAMA 2021:e213071. doi: 10.1001/jama.2021.3071.
[7] Chaccour C, Hammann F, Rabinovich NR. Ivermectin to reduce malaria transmis-
sion I. Pharmacokinetic and pharmacodynamic considerations regarding efficacy
and safety. Malar J 2017;16(1):161. doi: 10.1186/s12936-017-1801-4.
[8] Navarro M, Camprubí D, Requena-Mendez A, Buonfrate D, Giorli G, Kamgno J,
et al. Safety of high-dose ivermectin: a systematic review and meta-analysis. J
Antimicrob Chemother 2020;75(4):827–34. doi: 10.1093/jac/dkz524.
[9] Smit MR, Ochomo EO, Aljayyoussi G, Kwambai TK, Abong’o BO, Chen T, et al.
Safety and mosquitocidal efficacy of high-dose ivermectin when co-administered
with dihydroartemisinin-piperaquine in Kenyan adults with uncomplicated
malaria (IVERMAL): a randomised, double-blind, placebo-controlled trial. Lancet
Infect Dis 2018;18(6):615–26. doi: 10.1016/S1473-3099(18)30163-4.
[10] Guzzo CA, Furtek CI, Porras AG. Safety, tolerability, and pharmacokinetics of esca-
lating high doses of ivermectin in healthy adult subjects. J Clin Pharmacol
2002;42(10):1122–33. doi: 10.1177/009127002401382731.
[11] Gonzalez Canga A, Prieto AMS, Diez Liebana MJ, Martinez N, Vega M, Vieitez G.
The pharmacokinetics and interactions of ivermectin in humans - a mini review.
AAPS J 2008;10:42–6. doi: 10.1208/s12248-007-9000-9.
[12] Matamoros G, Sanchez A, Gabrie JA, Juarez M, Ceballos L, Escalada, et al. Efficacy
and safety of albendazole and high-dose ivermectin co-administration in school-
aged children infected with Trichuris trichiura in Honduras: A Randomized Con-
trolled Trial. Clin Infect Dis 2021:ciab365. doi: 10.1093/cid/ciab365.[13] Han MS, Byun JH, Rim JH. RT-PCR for SARS-CoV-2:quantitative versus qualitative.
Lancet Infect Dis 2021;21(2):165. doi: 10.1016/S1473-3099(20)30424-2.
[14] Burd EM. Validation of laboratory-developed molecular assays for infectious dis-
eases. Clin Microbiol Rev 2010;23(3):550–76. doi: 10.1128/CMR.00074-09.
[15] Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, et al. The
MIQE guidelines: minimum information for publication of quantitative real-time
PCR experiments. Clin Chem 2009;55(4):611–22. doi: 10.1373/
clinchem.2008.112797.
[16] Lifschitz A, Virkel G, Sallovitz J, Sutra JF, Galtier P, Alvinerie M, et al. Comparative
distribution of ivermectin and doramectin to parasite location tissues in cattle.
Vet Parasitol 2000;87(4):327–38. doi: 10.1016/s0304-4017(99)00175-2.
[17] Gibaldi M, Perrier D. Pharmacokinetics. 2nd Ed. New York: Informa Healthcare;
1982 U, editor.
[18] Birkett MA, Day SJ. Internal pilot studies for estimating sample size. Stat Med
1994;13(2324):2455–63. doi: 10.1002/sim.4780132309.
[19] Cocks K, Torgerson DJ. Sample size calculations for pilot randomized trials: a con-
fidence interval approach. J Clin Epidemiol 2013;66(2):197–201.
[20] Cohen J. Statistical power analysis for the behavioral sciences. 2nd Ed. Hillsdale
NLE, Lawrence Erlbaum Associates; 1988 Publishers.
[21] Yousaf XZ, Al-shokri SD, Al-soub H, Mohamed MFH, Rj A, Jt H, et al. COVID-19-
associated SIADH : a clue in the times of pandemic!. Am J Physiol Endocrinol
Metab 2020;318(6):E882–5. doi: 10.1152/ajpendo.00178.2020.
[22] Chaccour C, Hammann F, Ramon-Garcia S, Rabinovich N. Ivermectin and COVID-
19 : keeping rigor in times of urgency. Am J Trop Med Hyg 2020;102(6):1156–7.
doi: 10.4269/ajtmh.20-0271.
[23] Errecalde J, Lifschitz A, Vecchioli G, et al. Safety and pharmacokinetic assessments
of a novel ivermectin nasal spray formulation in a pig model. J Pharm Sci 2021
Epub ahead of print. doi: 10.1016/j.xphs.2021.01.017.
[24] Jermain B, Hana PO, Cao Y, Lifschitz A, Lanusse C, Rao GG. Development of a mini-
mal physiologically-based pharmacokinetic model to simulate lung exposure in
humans following oral administration of ivermectin for COVID-19 drug repurpos-
ing. J Pharm Sci 2020;109(12):3574–8. doi: 10.1016/j.xphs.2020.08.024.
[25] Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in adults with severe
COVID-19: a randomised, double-blind, placebo-controlled, multicentre trial.
Lancet 2020;395(10236):1569–78. doi: 10.1016/S0140-6736(20)31022-9.
[26] Chaccour C, Casellas A, Blanco-Di Matteo A, Pineda I, Fernandez-Montero A, Cas-
tillo P, et al. The effect of early treatment with ivermectin on viral load, symptoms
and humoral response in patients with non-severe COVID-19: a pilot, double-
blind, placebo-controlled, randomized clinical trial. EClinicalMedicine
2021;32:100720. doi: 10.1016/j.eclinm.2020.100720.
[27] Mu~noz J, Ballester MR, Antonijoan RM, Gich I, Rodríguez M, Colli E, et al. Safety
and pharmacokinetic profile of fixed-dose ivermectin with an innovative 18mg
tablet in healthy adult volunteers. PLoS Negl Trop Dis 2018;12(1):e0006020. doi:
10.1371/journal.pntd.0006020.
[28] Lespine A, Martin S, Dupuy J, Roulet A, Alvinerie M. Interaction of macrocyclic lac-
tones with P-glycoprotein : structureaffinity relationship. Eur J Pharm Sci
2006;0:84–94. doi: 10.1016/j.ejps.2006.10.004.
[29] Ballent M, Lifschitz A, Virkel G, Sallovitz J, Lanusse C. Involvement of P-glycopro-
tein on ivermectin kinetic behaviour in sheep : itraconazole-mediated changes
on gastrointestinal disposition. J Vet Pharmacol Ther 2007:242–8. doi: 10.1111/
j.1365-2885.2007.00848.x.
[30] Vegvari C, Hadjichrysanthou C, Cau€et E, Lawrence E, Cori A, De Wolf F, et al. How
can viral dynamics models inform endpoint measures in clinical trials of therapies
for acute viral infections? PLoS ONE 2016;11(7):e0158237. doi: 10.1371/journal.
pone.0158237.
[31] Vegvari C, Cau€et E, Hadjichrysanthou C, Lawrence E, Weverling G, Wolf F, et al.
Using clinical trial simulators to analyse the sources of variance in clinical trials of
novel therapies for acute viral infections. PLoS ONE 2016;11(6):e0156622. doi:
10.1371/journal.pone.0156622.
[32] Arabi Y, Assiri AY, Assiri AM, Balkhy H, Bshabshe A, Jeraisy M, et al. Interferon
beta-1b and lopinavirritonavir for middle east respiratory syndrome. N Engl J
Med 2020;383(17):1645–56. doi: 10.1056/NEJMoa2015294.
[33] W€olfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, M€uller MA, et al. Viro-
logical assessment of hospitalized patients with COVID-2019. Nature 2020;581
(7809):465–9. doi: 10.1038/s41586-020-2196-x.
[34] Draganov D, Gopalakrishna-pillai S, Chen Y, Zuckerman N, Moeller S, Wang C,
et al. Modulation of P2X4 /P2X7 / Pannexin-1 sensitivity to extracellular ATP via
Ivermectin induces a non-apoptotic and inflammatory form of cancer cell death.
Sci Rep 2015;5:16222. doi: 10.1038/srep16222.
[35] Alonso DF, Farina HG. Repurposing of host-based therapeutic agents for the treat-
ment of coronavirus disease 2019 (COVID-19): a link between antiviral and anti-
cancer mechanisms? Int J Antimicrob Agents 2020;56(3):106125. doi: 10.1016/j.
ijantimicag.2020.106125.
